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$\mu_{j}$ $(j=1)$ . $(j=2)$ ,
$T=[1/(2\mu_{j})](\mu_{1}\mu_{2}h_{\mathrm{s}}^{2}+b_{\mathrm{n}}^{2})$
, $h_{\mathrm{s}}=h\cdot s$ $b_{\mathrm{n}}=b\cdot n$
. , $s,$ $n$ . , $[\cdots]$
( – ) . $h_{j}=(h_{xj}, h_{yj})$ ,
$b_{j}=(b_{xj}, b_{yj})$ =\mu j , $\nabla\cdot b_{j}=0,$ $\nabla\cross h_{j}=0$ ,
$h_{\mathrm{s}},$ $b_{\mathrm{n}}$ $[h_{\mathrm{s}}]=0,$ $[b_{\mathrm{n}}]=0$ .
, $f_{j}(z)=$
$b_{xj}-ib_{yj}=\mu_{j}(h_{xj}-ih_{yj})$ $g_{j}\equiv-\mu_{j}h_{\mathrm{s}}-ib_{\mathrm{n}}=f_{j}(z)e^{i\theta}=$
$g_{j\mathrm{r}}-ig_{j\mathrm{i}}$ . $\theta$ , $\theta$ $\tau$
, Flat Space $Z=X+i\mathrm{Y}$ Real Space $z=x+iy$
$\mathrm{d}z/\mathrm{d}Z=e^{i\theta^{\lrcorner}\cdot\tau}$“( ) .
,
$f_{j}(z)=f_{j}^{0}(z)+f_{j}^{1}(z),$ $g_{j}=g_{j}^{0}+g_{j}^{1},$ $-h_{\mathrm{s}}=-h_{\mathrm{s}}^{0}-h_{\mathrm{s}}^{1},$ $b_{\mathrm{n}}=b_{\mathrm{n}}^{0}+b_{\mathrm{n}}^{1}$ (1)
, ( $0$ ) (1) . ,
.
Flat Space ,









(5) , $h_{\mathrm{s}}^{1},$ $b_{\mathrm{n}}^{1}$ , .
, .
3 Flat Space Real Space
2 , Flat Space $X+i\mathrm{Y}$ Real Space $x+iy$
$\mathrm{d}z/\mathrm{d}Z$ . $– X\equiv(x_{X}y_{X})$ ,
$\underline{\mathrm{Y}}\equiv(x_{\mathrm{Y}}y_{\mathrm{Y}})$ ($x_{X}$ $x(X,$ $\mathrm{Y})$ $X$ ), Cauchy-
Riemann $\underline{\mathrm{x}Y}=0$ , $x$ $\underline{\mathrm{Y}}$ .
, 3 , .
Flat Space (X, $\mathrm{Y},$ $Z$) Real Space $(x, y, z)$ $\mathrm{F}_{\mathrm{R}}5$ ec
$x(X, Y, Z),$ $y(X, Y, Z),$ $z(X, \mathrm{Y}, Z)$ , $Z=0$
. , , Flat Space Real Space
$\mathrm{R}$ , Real Space Flat Space $\mathrm{F}$ .
$\mathrm{R}\equiv=(_{Z}^{\underline{X}}=\mathrm{Y})$ , $\mathrm{F}\equiv=(\overline{X}\overline{\mathrm{Y}}\overline{Z})=\mathrm{R}^{-1}$ . (7)
, 2 $\mathrm{d}z/\mathrm{d}Z,$ $\mathrm{d}Z/\mathrm{d}z$ .
$\underline{Z}$ , $X=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}.,$ $\mathrm{Y}=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}$ . $Z$ , Real Space
, $t_{Z}=\underline{Z}/|\underline{Z}|$
. $t_{X}=\underline{X}/|\underline{X}|,$ $t_{Y}=\underline{\mathrm{Y}}/|_{-\eta}$ . - , $\overline{Z}$ ,
$Z(x, y, z)\backslash =\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}$ . .
, –X, $\underline{\mathrm{Y}},$ $\underline{Z}$
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. , $\mathrm{F}=\mathrm{R}^{-1}$ , $\overline{X},$ $\overline{\mathrm{Y}}_{)}\overline{Z}$ $-$
, $t_{X},$ $t_{Y},$ $t_{Z}$ [3].
4 3
4.1 Green [4]
$V$ , ( + )
$S$ , $\mathrm{d}V_{\mathrm{R}}’,$ $\mathrm{d}S_{\mathrm{R}}’$
, 2 $\phi,$ $\psi$ Green ,
$\int\int\int_{V}(\phi’\triangle_{\mathrm{R}}’\psi-\psi\Delta_{\mathrm{R}}’\phi’)\mathrm{d}V_{\mathrm{R}}’=\oint_{S}\{\phi’(\nabla_{\mathrm{R}}’\psi)-\psi(\nabla_{\mathrm{R}}’\phi’)\}\cdot \mathrm{d}S_{\mathrm{R}}’$ (8)
. , , ,
$r’,$ $\nabla_{\mathrm{R}}’,$ $\Delta_{\mathrm{R}}’,$ $\phi’$ “,,, , $r$
, . , $\mathrm{R}$ Real Space , Flat
Space .
(8) $\phi(\mathrm{r}’)$ $\nabla_{\mathrm{R}}’\cross f=0,$ $\nabla_{\mathrm{R}}’\cdot f=0$ $f=$
$\nabla_{\mathrm{R}}’\phi’$ , , $\psi(|r’-r|)$ Poisson $\Delta_{\mathrm{R}}’\psi=\delta(r’$-
$r)$ ( ) (Table 1 ), $\triangle_{\mathrm{R}}’\phi’=0$ ,
$\phi=\oint_{S}\phi’(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)-\oint_{S}\psi(\nabla_{\mathrm{R}}’\phi’\cdot \mathrm{d}S_{\mathrm{R}}’)$ (9)
. $\nabla_{\mathrm{R}}$ . $\psi$
, $\nabla_{\mathrm{R}}\psi=-\nabla_{\mathrm{R}}’\psi$ . , $\phi’,$ $\psi$
Table 1: Basic solutions of Poisson equaiton and their derivatives in two-
and three-dimension
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$\oint_{S}\nabla_{\mathrm{R}}’(\phi’\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)=0$ ( ,
$\{\cdots\}_{\mathrm{z}\mathrm{e}\mathrm{I}\mathrm{O}}$. ),
$\oint_{S}\phi’\nabla_{\mathrm{R}}(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)=\oint_{S}(\nabla_{\mathrm{R}}’\phi’)(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)$ (10)
$[ \cdot.\cdot\oint_{S}\phi’\nabla_{\mathrm{R}}’(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)=\{\oint_{S}\nabla_{\mathrm{R}}’(\phi’\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)\}_{\mathrm{z}\mathrm{e}\mathrm{r}\mathrm{o}}-\oint_{S}(\nabla_{\mathrm{R}}’\phi’)(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)]$
. , (9) .
$f= \nabla_{\mathrm{R}}\phi=’\oint_{S}\phi’\nabla_{\mathrm{R}}(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)-\oint_{S}(\nabla_{\mathrm{R}}\psi)(\nabla_{\mathrm{R}}’\phi’\cdot \mathrm{d}S_{\mathrm{R}}’)$
$= \oint_{S}f(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)+\oint_{S}(\nabla_{\mathrm{R}}’\psi)(f\cdot \mathrm{d}S_{\mathrm{R}}’)$ . (11)
$\nabla_{\mathrm{R}}’\cdot f=0$ , (11) .
$f= \oint_{S}(\nabla_{\mathrm{R}}’\psi)\cross(f\cross \mathrm{d}S_{\mathrm{R}}’)+\oint_{S}(\nabla_{\mathrm{R}}’\psi)(f\cdot \mathrm{d}S_{\mathrm{R}}’)$ . (12)




$f(z)= \frac{1}{2\pi i}\oint_{C},\frac{f(z’)\mathrm{d}z’}{z-z}$ , [ $z$ : $C$ ,fi‘] (13)
, $C$ $f(z)$ .





, $\nabla_{\mathrm{R}}’\psi=\frac{1}{2\pi},\frac{(x’-x,y’-y)}{(x-x)^{2}+(y’-y)^{2}}$ , Table 1 .
, $z$ 2 (3
$y,$ $z$ ), $\mathrm{d}r’$
, $\mathrm{d}S_{\mathrm{R}}’$ . ,
$\frac{1}{2\pi i},\frac{f(z’)\mathrm{d}z’}{z-z}=\frac{u’-iv’}{j}\{(x\cdot\nabla_{\mathrm{R}}’\psi)-i(y\cdot\nabla_{\mathrm{R}}’\psi)\}(\mathrm{d}x’+i\mathrm{d}y’)$
$= \frac{u’-iv’}{i}\{-z\cdot(\nabla_{\mathrm{R}}’\psi\cross \mathrm{d}S_{\mathrm{R}}’)+i(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)\}$ (15)
. , (13) $C$ $S$ ,
,
(16)
2 , $\nabla_{\mathrm{R}}’\psi\cross \mathrm{d}S_{\mathrm{R}}’$ $z$ , $z\cdot(\nabla_{\mathrm{R}}’\psi\cross \mathrm{d}S_{\mathrm{R}}’)z$
(16) , .
$f= \oint_{S}f(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)+\oint_{S}f\cross(\nabla_{\mathrm{R}}’\psi\cross \mathrm{d}S_{\mathrm{R}}’)$ (17)
$= \oint_{S}f(\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’)+\oint_{S}(\nabla_{\mathrm{R}}’\psi)(f\cdot \mathrm{d}S_{\mathrm{R}}’)-\oint_{S}(f\cdot\nabla_{\mathrm{R}}’\psi)\mathrm{d}S_{\mathrm{R}}’$. (18)
(18) 1 3 , (12)
.
(16) , ,
$r$ , $\nabla_{\mathrm{R}}’\psi$ ,
$\nabla_{\mathrm{R}}’\psi\cdot \mathrm{d}S_{\mathrm{R}}’=0,$ $\oint_{S}z\cdot(\nabla_{\mathrm{R}}’\psi\cross \mathrm{d}S_{\mathrm{R}}’)=\mp\int_{-\infty}^{\infty}\frac{\mathrm{d}x’}{\pi(x-x)}$, (
, $r$ 2 ),
$u= \mp\frac{1}{\pi}\int_{-\infty}^{\infty},\frac{v’\mathrm{d}x’}{x-x}$ , $v= \pm\frac{1}{\pi}\int_{-\infty}^{\infty},\frac{u’\mathrm{d}x’}{x-x}$ (19)
. $u,$ $v$ Hilbert .
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5, (j=l)
$(j=2)$ , $(I=X, Y)$
$(I=Z)$ .
$f_{j}\equiv g_{jX}t_{X}+g_{jY}t_{Y}+g_{jZ}t_{Z}$ , $t_{I}=\underline{X}_{I}/|\underline{X}_{I}|$ . (20)
$\ovalbox{\tt\small REJECT}$ , , $h_{X}$ , hY $bz$
.
$=\mathrm{r}_{gjY/\mu_{j)}}^{g_{j}x/\mu_{j}}\backslash g_{jZ}=.f_{j}$, $=$ . (21)
, $h_{X},$ $h_{\mathrm{Y}},$ $b_{Z}$ .
$h^{0}$ , $\oint_{j}=\mu_{j}h^{0}$ ,
$g_{jI}^{0}=t_{I}\cdot P_{j}(I=X, \mathrm{Y}, Z)$ ,
(22) . , $f_{j}=P_{j}+f_{j}^{1},$ $g_{jI}=g_{jI}^{0}+g_{jI}^{1}$
, $f_{j}^{1},$ $g_{jI}^{1}=t_{I}\cdot f_{j}^{1}$ .
(21) , $j=1,2$ ,
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, $\tilde{b}_{X,\mathrm{Y}},\tilde{h}_{Z}$ , (23) , $g_{jI}^{1}$
. , (21) , $j=1,.2$ ,
, $h_{X,\mathrm{Y}},$ $bz$ , $h_{X,Y}^{0}$ ,
$\ovalbox{\tt\small REJECT}$ , $g_{jI}^{1}$ $h_{X,\mathrm{Y}}^{1},$ $b_{Z}^{1}$ .
(23),(24) , $g_{jI}^{1}$ $h_{X,Y}^{1}$ , $b_{Z}^{1}$ .
(25)
, $=\mu_{j}h^{0},$ $g_{jI}^{0}$ =tI .
$\tilde{b}_{X,Y}=0$ , $\tilde{h}_{Z}=\frac{\mu_{2}-\mu_{1}}{\mu_{2}+\mu_{1}}t_{Z}\cdot h^{0}$ , $h_{X,Y}^{0}=t_{X,Y}\cdot h^{0}$ , $b_{Z}^{0}= \frac{2t_{Z}\cdot h^{0}}{1/\mu_{2}+1/\mu_{1}}$ . (26)
6 3
6.1
(12) , $S$ $f$
, $f$ . ,
.
, $f_{j}^{1}$ .
$r$ $S$ ( ) , (12) 2 .
Flat Space $\oint_{S}\mathrm{d}S_{\mathrm{R}}’=\mp\iint_{I}|\underline{X}’||\underline{\mathrm{Y}}|\mathrm{d}\mathrm{X}’\mathrm{d}\mathrm{Y}’t_{Z}’$ . /’
$\mathrm{d}S_{\mathrm{R}}’$
$\text{ }$ , $\mathrm{t}_{Z}’$
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. . $I$ , Flat Space .
, $\hat{G}$ , (12) .
$f_{j}^{1}=t_{Z}\cross(f_{j}^{1}\cross t_{Z})+t_{Z}(f_{j}^{1}\cdot t_{Z})=\mp\{\hat{G}\cross(f_{j}^{1}\cross t_{Z})+\hat{G}(f_{j}^{1}\cdot t_{Z})\}$ , (27)
$\hat{G}F(X, \mathrm{Y})\equiv 2\int\int_{I}|\underline{X}’.||\underline{\mathrm{Y}}|\mathrm{d}X’\mathrm{d}Y’(\nabla_{\mathrm{R}}’\psi)F(X’, \mathrm{Y}’)$ . (28)
(27) 2 , . ,
$\hat{G}$
$‘(\mathit{1}$” , $r’,$ $t_{X,Y,Z}’$
.
(25) $g_{jX,jY}^{1}=\mu_{j}h_{X,\mathrm{Y}}^{1}\mp\tilde{b}x,Y,$ $g_{jZ}^{1}=b_{Z}^{1}\mp\mu_{j}\tilde{h}_{Z}$ ,
$f_{j}^{1}=g_{J}^{1}\prime xxt+g_{jY}^{1}t_{Y}+g_{jZ}^{1}t_{Z}$ ,
$f_{j}^{1}\cross t_{Z}=g_{jY}^{1}t_{X}-g_{jX}^{1}t_{Y}=-\mu_{j}h^{1}\pm\tilde{b}$ , (29)
$h^{1}\equiv h_{X}^{1}t_{Y}-h_{Y}^{1}t_{X}$ , $\tilde{b}\equiv\tilde{b}_{X}t_{Y}-\tilde{b}_{Y}t_{X}$ , (30)
$f_{j}^{1}\cdot t_{Z}.=g_{jZ}^{1}=b_{z\mp}^{1}\mu_{j}\tilde{h}_{Z}$ . (31)













, $p\equiv\mu_{2}+\mu_{1},$ $m\equiv\mu_{2}-\mu_{1},$ $P\equiv 1/\mu_{2}+1/\mu_{1},$ $M\equiv 1/\mu_{2}-1/\mu_{1}$ .
(33),(34) , ,
. , (34) $t_{Z},$ $t_{X}$ (35) , (33)
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$\{_{2t_{Y,X}\cdot h^{1}\pm Mt_{X,\mathrm{Y}}\cdot\hat{G}b_{Z}^{1}=(Y,x\mp Pt_{X,Y}\cross\hat{G})\cdot\tilde{b}\pm(2t_{X,Y}\cdot\hat{G})\tilde{h}_{Z}}^{(P+Mt_{Z}\cdot\hat{G})b_{Z}^{1}=-P(t_{Z}\cross\hat{G})\cdot\tilde{b}+(2t_{Z}\cdot\hat{G})\tilde{h}_{Z}}Mt’.(36)$
6.2 3 Hilbert
(28) , $\nabla_{\mathrm{R}}’\psi$ $\hat{G}$ ,
$r’-r=r(X’, Y’)-r(X, Y)\simeq\underline{X}(X’-X)+\underline{\mathrm{Y}}(\mathrm{Y}’-\mathrm{Y})$
, $\underline{X}=t_{X}|\underline{X}|,$ $\underline{\mathrm{Y}}=t_{Y}|_{-}\eta$ , .
$\hat{G}F(X, \mathrm{Y})\equiv 2\int\int_{I}|\underline{X}’||\underline{\mathrm{Y}}|\mathrm{d}X’\mathrm{d}\mathrm{Y}’(\nabla_{\mathrm{R}}’\psi)F(X’, \mathrm{Y}’)$
$\simeq\int\int_{I}|\underline{X}’||\underline{\mathrm{Y}}|\mathrm{d}X’\mathrm{d}\mathrm{Y}’,\frac{\{\underline{X}(X’-X)+\underline{\mathrm{Y}}(\mathrm{Y}’-\mathrm{Y})\}F(X’,\mathrm{Y}’)}{2\pi\{|\underline{X}|^{2}(X-X)^{2}+|-\eta^{2}(Y-Y)^{2}\}^{3/2}}$,
$\equiv\frac{1}{|\underline{X}||_{-}\eta}(t_{X}\hat{H}_{X}+t_{Y}\hat{H}_{Y})\{|\underline{X}’||\underline{Y}|F(X’, \mathrm{Y}’)\}$ (37)
$\equiv(t_{X}\hat{G}_{X}+t_{Y}\hat{G}_{Y})F(X, \mathrm{Y})$ . (38)
(37) , 3 Hilbert $\hat{H}_{X,\mathrm{Y}}$ .
$\{f(X’, \mathrm{Y}’)\}$
$\equiv\int\int_{I}\frac{|\underline{X}||_{-}\eta \mathrm{d}X’\mathrm{d}\mathrm{Y}’}{2\pi\{|\underline{X}|^{2}(X’-X)^{2}+|-\eta^{2}(\mathrm{Y}’-\mathrm{Y})^{2}\}^{3/2}}f(X’, Y’)$ . (39)
$\hat{H}_{X,Y}$ , 2 Hilbert
$\hat{H}\{f(X’)\}\equiv\frac{1}{\pi}\int_{-\infty}^{\infty}\frac{\mathrm{d}X’f(X’)}{X-X}$, 3 .
2 , $X,$ $\mathrm{Y}$
, , .
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, 2 x-y , x-z .
$t_{Y}$ , $\mathrm{Y}$ – , $\hat{G}_{Y}$ $Y$
$0$ , , $t_{Z}\cross\hat{G}=t_{Y}\hat{G}x$ . (30) , $t_{Y}\cdot h^{1}=h_{X}^{1}$ ,
$t_{\mathrm{Y}}\cdot\tilde{b}=\tilde{b}_{X}$ . (41) ,
$\{_{P\hat{G}_{X}b_{Z}^{1}=P\tilde{b}_{X}}^{p\hat{G}_{X}h_{X}^{1}---p\tilde{h}_{Z}}.,$
.
(43) $-h_{\mathrm{s}}^{1},$ $b_{\mathrm{n}}^{1},\tilde{h},\tilde{b}$ , $h_{X}^{1},$ $b_{Z}^{1},\tilde{h}_{Z},\tilde{b}x$ . Hilbert
$\hat{H}_{2}\equiv e^{-\tau}\hat{H}e^{\tau},\hat{H}_{1}\equiv e^{\tau}\hat{H}e^{-\tau}$ ,
, $e^{\pm\tau}$ .
, Flat Space Real Space
, $\hat{H}_{2}=\hat{G}_{X},\hat{H}_{1}=\hat{G}x$ ( $e^{\pm\tau}$ $|\underline{X}|$ ).
(43) , (44) – .
185
6.4 3




$\{_{2t_{Y,X}\cdot h^{1}\pm M\hat{G}_{X,Y}b_{Z}^{1}=\pm 2\hat{G}_{X,Y}\tilde{h}_{Z}}Pb_{Z}^{1}=0,$
.
, (46) , $b_{Z}^{1}=0,$ $h_{X,Y}^{1}=$
$\pm t_{Y,X}\cdot h^{1}=\hat{G}_{X,Y}\tilde{h}_{Z}$ . , $\text{ }$
.












2 , Flat Space
,
186
, (43) . 3
, Flat Space Real Space
, (45), (46) .
(45) , (43) $[1, 5]$ , 3 Hilbert
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